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(54) DNA PROBE ARRAY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a probe array 
for detecting many kinds of DNAs by immobilizing many 
kinds of arbitrary DNA probes. 

SOLUTION: The probe array 4 obtained by arranging 
particles (prove particles) 1 having various probes 2 
immobilized thereon in a constant order is used. The 
probe array 4 obtained by arranging the various particles 
1 always in a constant order is made by arranging plural 
thin tubes or grooves filled with the prove particles in 
parallel to each other and subsequently individually 
injecting the particles from the thin tubes or grooves 
into another fine tube or groove. The many kinds of 
probes are thus bound to the particles having different 
diameters and enable the simultaneous measurement of 
many kinds of fluorescent light-labeled DNAs. Thereby, 
the array having various kinds of the DNA probes 
immobilized thereon can simply be prepared. 
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[If ^5] 1 XH»*« 3 CIEt^^o - ^7 

3te*T*«« £ frT ^ 5 r £ t -t 5 ^ p —rf T u 

o 

[«*g8] »*«3^fow*3i5wwn3a^iB<R©^ 30 

^W^tt^Mif5/p-7-7 

[«l*Sl 0] 3»5ft3Sl^P,»^5O<PrtL^iC|E«C0 

1] ff^l^^iS^5^tt^-IE«<D 

fE^^^2*^^IS^bfc^t^^mi:i->5^ P n-^r 
^P^TWI^^t, fjffi^n-^^^L/cmjfE so 



T¥ffi±KE^N-5Xg££*TU ffiiE«C^^@£Stb 
5] 2iCE*<7)'7 p a— ^7 

/^y-tC^iH LT^p^T l^-«rffdii-5 r £ 
ttS/p-^Y^liim 

7] ff^JSi 6tcE*<o^P-:/T w-coK 

^comjis^f, XteituE^n— 

K J: «9 fiffc 5 - £ Sr^m t f 5 "7° a r 

5t*«fe^*v^T, jWEtt^jB^feWEtt^tEMi-Sfc 
tfxDfuEfJt, XfiSfjE^P-^TU-^/p^-^(D#^ 

[§**Sl 9] i»5ft« 1 4^>^ff^rii 7cofsi^tcE 
^@SL^ffiE»^*»5Si-5fcft©^||B*XI4*«r* 
«»»WEtt^^l^#tc^Eft^^BE^J-rsyh*<Df»x 

jc«rE**xtt«*«:*m"t*sr t^ittsm 

[|f?Rll2 2] M««2 0E«©**tc»i^T, fjE^i 
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[ff**f2 3] a*3i2 osE*co*ifei^^r, stria* 

^fc*S^ Ufc«HEt«E#ft©*«:*«> 5 r £ trf»flk £ i" 

10 

[»**2 4l W**2 0K«(Z)*jfefC»V^T, iiufEfri 
[9I*«2 5] !f#Jf2 OgBit^&iC^T, sfriafic 

^ttT®flc*ffico«-Ell|^gE^J-r^^2cOXm<b, ffi 20 
^X&riSfT&iWxSii^ 

[0 0 0 1 ] 

a, rna, Rt*?>s<?nt L.xm* (Mfe&mg * i 
^(^tayp-^rn'ii, 30 

[0 0 0 2] 

EMttiSL^DNA7 p D- , /7V'-, XilDNA 

^-y =f-e-Sr lifcX^o^riSL-CtT <*tfc (S c i e n 
ce 251, 767-773 (1991)), XflD 
NA/P"7^#EK 1 O 1 0«x.^VK^§ 

[0 0 0 3] 

[*w*5W*lj:5 te*a«-ci±, DNA 



{c^tt^v $ t 6 Q -?xi>--7t tx—tm^mm-r 

[0 0 0 4] **«JiJilS<7)|*^«:»ft-rs^:«)^^S 

^rw (dna^p-^oe«) fc**Lfctt«-efls 

[0 0 0 5] 

"f\ l^(DDNAyp-7^LTMt5o -ftk 
^)DNA^n-7l^n-7'«(:»^®(: 
8^$f5o iW^DNA^P-^'iDl^ft tr 

tfytrifi;y^s:fiwts*s, au (&) g 

ffiCSHS^Lt@gt5*S (B i o p h y s i c 
al Journal 71, 1079-1086 (l 
9 9 6), ^7^^ffi(CH^-rS*-iSfe (An a 1 y t i 
cal Biochemistry 247, 96 — 1 
0 1 (1 9 9 7) ) , ^7^*ffil:itlfc7^y/U7 
S Ky;K7)xi/^ >h^hV y^^l-lSt5^ (P 
roc Natl. Acad. Sci. USA 93, 
4913-4918 (1996) ) ^£rfljffi LT, fi^^ 

[0 0 0 6] DNAyn-7^ffil^tlfML/c 
t-— S^JSff-CK^JS-fr-CHSLT^n— Sr* 

ffi&O. 1—0. 2mmro»»6f^ftV^t^o 
[0 0 0 7] »|ltt#^^o-^Sr(ft»Lfc«tt^- (EA 

T\ /o^7U- S#tS«i:fP5^ 5„ flt 
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[0 0 0 8] ^TI^**«<Oi«Ol»»oB»«rR«t 
tt, (1) »ftSfl«E#* (DNAXteS630 ^^rtt 
(1) KJfc^T, (2) *:7a Lfctt^ 

ds^st^fen^iBff-e^^^tt^^b^ z\<om^ 

6>ttTV^5rt^«F»A$«>9, (1) Xtt (3) tC^V> 
T, (4) ^/p-y^tfc^f^XXIiW 

^tt^ftT^*;!^ (5) #yp-y^LW 

5t*-e«WI$ttTV^5r (3) rt>ib (5) CDfa*^ 

fc*H*r, (6) zfv—'7&2fc7c¥-ft±izim\iz&'< 

tzz\b* (7) ^P-^lteM^::^ (8) 

(1) a»P> (5) (DfafrTWciH^ (9) ^n— :/£ 20 
ftKrLfctt^S:, ^IWc^LfcC^ (10) ^ 

2ft<D¥m<Dmm&&titimizi%fttstiZ r <b , (1 
1) ^n-^«r^L^^«r**«*lB*rtlc»»L 

L*:«C^*r2»C7C^iBMLfc^ (12) (l)tf*S> 

(7) (ofer*u*^»v^r, /p^^LfcW?:, 

•*«*>5c I ftl^fT^ 9 / p - 30 

<o»«#ft<D»«i, (13) ft+<Dmmczfv-7$: 

^jf5IItSrtt5Ci, (14) te^CQ^ffiJd^n 
**«^ LT¥aU:fcEM1-SXfi£*r *TU tt^fcB 

^sram-rs*** J: 5 ■wu-rs r. t , (15) (1 

(16) (14) «V^, yp-^iftfc^ 40 

LTE?Q£ii\ iI^j^ttyp-7Y^*y^ 
-CMlT/p-7Yl/-^«t5^h (1 6) 

(c^o^x, n^Mfrh^*w$\\-rz>tz#)<nm. x\^ 

(is) n*mfrtbnttmm+&tL#><z>m* 
xtezfv— 7r is— ft/I*?— ^<n»m&mm<nmn&m 

^^Xff^O Z\b, (19) (14) frb (17) COfpJtL 

^toSH^T, 7u—7&mi£VTz%L^-$:&m-fZ>tziib<n so 



[ooo9] JK^^ffii^ftj^stt^^n-^c^i- 

S**»***ffl+S**W«>*»©*!F«tt, (2 0) 

icft (w- If-) feIlfLr«t5t*Xlli*«:*? 
ttm»ait5Ifii:*:tt5wi:, (2 0) MiH>-C, 
(2 1) tt^SEJOLfciffj|ft*c»oT, 5t (U'-lf-) 

EWi-5ffi««t-**Xtt***:»m"r* r. b , (2 
2) tt^SEMLfcilGI»^»oT, * fcfiB 
WLT, tt^3ftSEM+5ffi««^»*Xtt»*«r*ffl 

(2 3) *<oS*ticj: <9^^n^#^icJ:63fe^SL 

6- b, (2 4) JS^Sr^n-S-e: 
ftdSPjttffli-Srt, (2 5) ft+lzmfetStitz'T'ti- 

(2 6) «-T-«rtt^W«i:L-ClH|-r6r^, *fc*MK 
iSfcSo ^^(O^a-^T coK^&tt, (2 
7) tt^^BBJc^n-^SrH^-t-SIRl^XSi:, ^ 

XS£*TU ^3<^XS3&5^^tt5*IKPfT^*fiC^(0 
[0 0 10] ^^^^J^^-rSir^TOil^r* 
tfcyp^TW^V>5 0 #:/n-;/tt^«ra*L 

«rHf#LT, *WB»**««DNA*rW»IHIi-5a 
^rMW:|«-ei ttfwDNA^p-^ 

[0 0 1 1 ] 

[0012] (^i co^^ii) m i *ftw<om i <£> 
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0. 2 mm) £fflEi-£ 0 <oKScDJ»KB:5% 

*fc^P tfrJe-frS^So ^<D£o\cl,X 

DNAyn-7llg§|:»MIL, 

A^P-^t lt^DNA«MV^tft< , rco^ 10 

C»DNAyp-7^^6*l)T't6 0 

L/c:£ifc ( (Biophysical Journal 
71 s 1079-1086 (1 9 9 6) -^A n a 1 
ytical Biochemistry247 > 96 
- 1 0 1 (1 9 9 7)) (C|B«^*)5 0 (» 
tt^) ^ffiiC^Tl^C^^ga^J, «x.tfTTTTT- 
TT^KLTfc^, #yAi«r»ofcDNAt 

y^v-wyy^x^^ mffim&mc£*) s d 20 

NAty ^--«r±IB«>«pS(DEMttt'fr**Hff (» 

[0013] 9iatMifc^D- :/tfSfi*e£ 

tLfc«^^lo^o^^^^fc°^y-W (7u—7 

T\ DNA^n-^^^MS^^fc^D 
NA^W^D^XU; (9tt«*t«*S^J:D« 30 

«c^lJc*|«Snfc»t»DNAl»r^"e*>S) **rJH 
WLtJStSS^bKftWODNAWWIfcftlS: 

[00 14] /u-yi, 2, nj&^&S^n— :/ 

-7) ©KfiftAP 5 ©KS«A*IrI 6 ^p>S*SK8 
^^^DNA^aALTDNAyp^^ £ 

s £ *xfci***D n a t y y ^-r x 

^/u^— 7tCflSfti- 5 Q 5" li, fftftffiP"C#>S 0 

^t*ga8^$nt^DNA^bit5M 

jS^ffifls, t^^cofi^^S^^tii^) *s*Six so 



8 

CCD*^7l3^P,(Z)fltlRDM»l», 7*- 
^Mgfl 5, 7^<0«*CiS«rWJ«l 
t^o 1 7 X XfiS^Jtl 6-C<OUiA35*e>, 

[0 0 15] ft*>\ ±IHco^^fi, S%fl(IR«:Kfi-D 
NA (WK*) K*g£*LfctfS, yp-7'l, 2, - N nCO 

[0 0 16] #clc, ^KoHJfe^J^ttS, 
p-^Ml^^t5yp-/7^^1M(^^ 

[0017]B2li, (a) Kfett^Sr^n-yHJeK* 
^t6/p-7yMt®l«r'fe6W^o 
:tv- \.<D¥-mm. (b) yp-7YMW^^ 

*&mm<DmMciz£QitL'<zzb&-e£z. m2 (a) 

U—bl 8^, 02 (b) wBfBS^i-a^*^— 2 

1g£fcGDf# l 9 <>: , «19|:SX U yp-7'^ 

t«*«s<©**ittt 2 o<^»«t^^i^ ccawv^s 

(IP*,, ««^ii[ff«rRti-SI***it*r2R*«[t 
1 fcWfci") £ U »2 l tD»«;frlR]&t«»» 

w * R t i" « l***lt «r R *» i i" S *# 2 *r«l^ 
i~) k-t% 0 IP*,, :7V- M 8^jedc*tt5JN0Sll 
9, 2 0 2 atci^^^nsJttff^rtffi 

«r»3ffi^lJiiiiar*#5o 4ib\«19, 2 0, 2 1(7) 

[0018] Mat 1 9(D i Koffiia-zm— mm^yu — 
mmi 9^«feici^67 p p-7 , ^t5iw 

1 9-l|C^P-7'l^t5W^\ f 2« 
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19-2i:ii/P-7'2^f5«W\ fgn 

i 9^r ^yp-^ia^Jffl»2 oi^« 
^atfri-s^, whmm<Dm2 oizts-ix&mm. 

X\*nmz£ *)7u-7'T U- ^tfc°7 y- (/n 
— ^TU- l^Sf;:— 7) (F*9^0. 3mm) M3£<9 5££ 
ni«fB]«l<ga^J-r5o 2 2 11, «Mft^EJiJfflof6* (2 
3, 2 0) t7 P D"7 , TI/-^"7^g^7 P 
n— :/Tlx— zfc/uy— a*^* — -C&tK 5' (i^b^/ 

(HI 9 <£> 3 8 #flB) i-iL il^3tt^DNAyn- 
^7^»tk 0 7 y-^ttS:/n-;/<DgE?iJJi(I 

[0019] ^i (Dmmm\^n^>, ^-vt^y 

[0 0 2 0] |g|3fi % ^i co^^jtc^tts^n— 
U— */]^— <^#J£^1^-C&So :/p— ^tt^WK^F- 

^-2 4(i«^^tt°7y- (7°p-yri/^ 

[0 0 2 1] ftSlJ:9 ^t^DNA^t*S 
C^TIt Cy-5 (MMg6 5 0 nm) £rffl 

y y ^-t?— is* y«:DNAW*fc^p- y^wr^e 

^p-7*7 l/-^S»t57'n - 7*7 l/-*/^- 7 © 
^A$tg : 6 1 5 nm) , 7;i/tUt>f W y^Hri/T 
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(»**«: 5 2 0 nm) ^7J>£>^ rix<b«3fc 

S^dna^^L, ft-^J^B^»Ai-So ff-SJ 

So ^f7y-f (yn-7"7i/-^H ic»o 

TU— if— ^^^-^VLfcO, fcT9 y H?<£>rt{R"J& 

5 y -ff *W»cRB»SP-ai 5 &/vXh a 

10 v\ 

[0 0 2 2] #CiC, DNA/p^Y^^I/^M 

[0 0 2 3] i4il ^^n-^u-iMi 
^M^^^t^t^DNA^p^rw-^fflv^^ 

Mf!h\z.»Wi£ j &xmxrtzt>\ xtt^p-yr^*^ 

20 ^7^UU- 1f-flHI*tt«^*a»l 3^t@^ 

m^ttfgl^ >x#£ c c d ti * y t)>m v * b 

*XS 0 

[0 0 2 4] i5ft U-— if— ft£^>#tf-SB?'JLfc 
^|:?&oTMt6DNA7 P P- *7T 

«aE««w«isr^-r«*H-e*)So ism i^-if- 

l/^ibcou— if— ^^p- ^7 U— tf/u^— 7cd 

30 t>^~tz>i&%*, u-if-cofiatt^r^^^x-rs^^^^ 

P,W^ni/yX7U- (ir^^^^u^X) 2 5T'ft 
TfcU 74/^*— 2 6 £t>LT^ >-ir>-if— 2 7 MSB 

[0 0 2 5] H6ti, 7"n-7*7I/-W#ftt5S« 

ElT*&So B6i:*ti«m 7*n-7*7Mil* 

5«fc ftipcCD^y Tir^if-^^*7fe^mi- 
ffiv>s 0 if— *H i frt><nu~ if— ^ttt^ ^—2 

7*7 u— ^/uy— 7 <D o — ^Asafe^BBItfiJgE 3 0 
<D£fl:£:feffiflB*H-S„ ccDxyrtyt-*ro2»c 

tt, MMi^^7 p P-^li^^^5 o [g[6ic 

*i-*wflb©*rtttK*tt*-H i fciPi«-e*)So 
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[0 0 2 6] »SWo-^7I/-^f 

»5fe&#9»«^ (^-yyhDNASrft»«tt?) 3 
-^yFDNA*:«»Lft^«ftf) 3 2«r6<*^L 

fc^LW-c^i-o m<*^$^^3 1 (Di: r *>&m%:&# 

A&««Lfcas, S*ffSr*»flfflV^TlHkODNA^ 
[0 0 2 7] WMlfci^C ^CS^ttDN 

A^n-^Sr^SNBV^^jciftKp-t-at, f-^^tt^^ 

r asfr t * t) v j& a« *> a «k w»j ds« ¥ 
m<»m&fclhZ> 0 -ate wyy^f-> 3 y|:it 

fctt^*flt^6E?iJ«l-, «fe^«:^H-Jf Lf+JtX@^L 

mi, i4, ins, H6, eiio (m^rrs) tc^ 

^^Tfeic Mtfcffias RTflgT- 5rtflf5fCt)ft 

[0028] (m2<Dnmm) ^KDmmmx^yu- 

*«^fflv>««»^ii*i©*16«tBlca[«0. 2m 

m£)fiH 1 r&5^ K^^o. 1mm, XI10. 05m 
/P-/7 ^^/^-(Dt-f X^^rf 1 
[0 0 2 9] :/p — ^r2^7n6ticgfiM-r-5^ 

yp^r^^H^. ¥«f-«»£>flt£7f2 

LT^ta o ^t^7!l-f«:t^n^7^ 

r> s w^tt o 7y-^s»t^i«i/\ fit, 
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i»u #^-vt o ^y-rtT^-r5^^2*^ai^ 

[0 0 3 0] KT<ORWCI4, ¥4Rfc:1MfcO*&JBJ*L 

«^Wt^it^nTV>5 0 «^t°^fllO. 3mm, 
0. 2 5mm, »C9^£teO. 1 5mmt*fc^ 

[0 0 3 1] 18(1 (a) 2^%7 P P-X7U-^ 
^—3 4^^ya-^^^A^6fc^c0 2^K:-7 ,, n 
-X7U-^itSM3 3 0Wi, (b) ^f®m 
r*>5 0 2^5c^n— rfT ibtv?— 3 4^«&T-£ 
t^5Cli0 8 (a) , (b) ^ K^)Xp- 

0 8 (a) 9t-> St 

3 6 ^JESiCTfe oT *5t), St3 e^/Sj&SofcS^tC^P 

13 6^V« (»^fiy*»3 7) ^i^t2»: 

^yp-X7 u-^/uy- 3 4 ^Mt6 Q i3 6i:j 

tfe>jcBiisixrv^fc7 p o-^##iwftT'Hc, 0 8 

(b) iZTjk-t-WrmmizfLbtiZ&olz, 2#Ctg:/p-:/ 
7 1/-*/^- 3 4 «i Ifc W« 7* 
-7Yi/-^-3 4Clt H^Lfcv\ X 
ttac#««rWA, &tJ*ffltf§5 J: 5fcn#KW-fc*Lr 

<Z)*llt«"Cfflv^oi:R!«*c, tf7 y-tc*-r««[ 

^fj (St) \z.Wk^^^—^W^\^<nW^^^^—^U 
«45W (») I^Ef$n5 Q («) ^^n-y 

it 3 7Jc»aS*ix5o 
[0 0 3 2] **«r*a-r<5**K»iH 6 ic^-r^H 
«:-M6tt, 2^7 p p-7'7i/-/W-3 4l: 
0 6 tc^i" J; 9 l *5c*l^i-*£*:$n^i«8^ t—if 
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£ * * -v yf 6 r £ x& *x 5 2 &.5t1k%<4 * - *J 
2»C7c«iffi« (CCD^) Sr«fflL-r»ai-So 

[0033] ms<Dmmm) *&m<o&&^tt.mifr 

*«&&##{£ B^+^o ^rrX\ ^n-^^H^Lfc 
*>, *»W0>#>f rp-^*ietfcH# (tt 

[0 0 3 4] ^P-^Sr«a«^H**ffi^«l*LfclS 
£-£Tl^< #8:3*5 *>5 0 r©#«fett, 7"*— ^SraSJBcL 
ot t ingli, /p- y^««^jBH**< fr5lCO*iT 

SrfMW-SKHu a2l:^t»l9, 0 8{OTt»3 6 

^ItK-tr, yp^^riz-^/uy- (7,3 
4) ^^««Fi-n«ftv^r**)5o 

[0 0 3 5] B9f±, Wf»^/P-7^lfc 

tt, a^T-i <dm3 8frt>mm (aiKti9) 

oTSB^iJffi^t (IS 1 2 0) ^ttft-^fc 1 o<5o 40 

^JfflcoWf (El8{C^-r3 6) ^f^lodoM 

F fe: I^^v^Tt>^v^^m3(7D^^fe^j-c^i¥ffi^-s^£^ u 

S*»?>"C*>S 0 50 
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[0036] (m4(Dmmm) m4<ommmn^ti-z/ 

«S&l^l$KiS^5#8rt**>a o Lfc 

[0037] $g4<nmmmx^ 

[0 0 3 8] ilOlt 2^5t:ia^J^^ > D— £ 

^«^Sr^-r«^;l2|-e*)5o Horn Sf&^^A- 

^ — £fflWc#J£^Lfc 0 »77^^^7-fh4 0 
fc£<9, »WtRJES»*fl5^n— ^f+#f»tt^i ^2^ 

9oaw*£»***iUfc**:* 

&m£*Lfcft^£^-*&ffigBl 5tcA#U ^n- 
^7i/-3 9T1t frtt^limftO^ftv^fcSrltB 

[0 0 3 9] /j:v^ lf*SR^f>«w— if— l l 
1f— *©»»«*«rtt*i-S^— 2 9 

/7W 3 9^^^-r6^5ttt, CCD^/^UCJ; 
<9^m^^6 0 PVhP-7-14fl ^7^^^^^- 
777V'^7-{F40^M, CCD^^7l 
3^bO«*JRD5&^«IW, f^^Mgil5, S:t> + 

^-^^i 7 ^<nm^&&*»m-rz>o 7, 

[0 0 4 0]«4^ftWm 21I(DS»^ 

om^xmm-r^ 0 «^.wr, »**fi, F2OT 
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U Cft^SftftF 1 , F2tf>j££^£: (wl, w2) 
iri"5^ (wl, w 2) (wl, w 2) - 

(0, 0. 0 5) , (0 0 5, 0. 9 5) , (0. 1, 
0.9), (0.15,0.8 5), (0.2,0. 
8) , (O. 2 5,0.75), (0. 3,0. 7) , 

(0.3 5,0.6 5), (0.4,0.6), (0. 
45, 0. 55) , (0. 5, 0. 5) , (0. 55, 
0. 4 5), (0. 6,0.4), (0.6 5,0.3 
5) , (0.7,0.3), (0.7 5,0.2 5), 

(0.8,0.2), (0.85,0.15), (0. 10 
9, 0. 1) , (0. 9 5,0.0 5), (1. 0, 
0) ^f)2 0il^ — *\ 100/im^f)7/im» 
"CI 9 8 fim&X<D 1 5^cO*£^tDf--f X£t)0)&^ 

^ft, 20Xl 5 = 3 0 0|g<ODNA^n-y 
(«t^) *rWB*K«8iJi-5 0 ffflJ3£(E£ LTte, u~ if 20 

"X^tyiMftaiii, xns*iR»»aija!(o»ai 

[0 0 4 1 ] 9J^$ns*3t^ffi^3*«j&*b3K-T-<o«S 

YAGl/-f- CBjB-C#6»*ft:j o e, Tarn 
u r a ^fflV^Tr^^*3t*^a^ifc^{k*^T«[^ 

5 t , (joe,Tamura) <Oj|£/£;frl2:<D^^Jt<7) 
1 0ii«9 IC;/JQ*lT, (Joe, Rox) <Dffi.&t>1t<DM 
&lt<D 1 0 ii *) , (Tamura^Rox) 
<om&\£<n 1 0 ii 19 (D^T* 3 0 ii «9 (Df^— ift@<£>!$ElJ 

mM5is^v^t^^aitsi:, 1501 

ffi-T^if-r XtHB«r|a-fr*5fc, 2 2 5 0l^DNA^ 

*ffiJC««rLT*50, 2 2 5 0lWDNAOTJS[±iT' 

RWLfcfi^»*««ft5»ffi (Elf) «r*»«po««p 
firzfkm^Zk* #K#I*»# (M) 

ta-e#6DNA<7)«Sttl 0 0 0 

[0 0 4 2] tt±*>tMH"0ii, **«rfflv^Ttt^«r*«l so 



[0 0 4 3] JifECD Joe, Tamura, Ro 

fim olecular probe %h(D^^, C y — 5 
[0 0 4 4] 

t6I tic* 0W2|gfi&ffi;«U |*m<OffiA, Sfc#3 5 » 
[Hffiw«»j5:»W] 

[Hi] 1 OUSMWDN A/n-^r 

[0 2] ^W^JBio^WtcftJtSllkttT-^^pr- 
^l^ttsyp-^r l"-fe§M»A0> (a) ^ P °p 

tfcaw ^07°^- h(D^mm, (b) yp-^r 
[13] *mw<Dmi<Dmmmzmirz>zfv—7 f Tu~ 

IB4] *»Ww|Rlw*l|||«Jc*Jt5, 7^>^d 
^r^i*S^ft»fti:^^t^t5DNA^P 

[B5] ^^(Dmi^Hife^ltci^tt-S, — if — itlt 
7 << >^ icia^lj L »*fc^ id ft o T RRIt-r 5DNA^ 
-XT ^fflv^5ttaE$g|Swfi»J«r^i-*itHo 

[0 6] ^W^«Bl^llifi0»J*^ttS, ^p-7'71/ 

[B8] *»W^K2©*lS«JC*ltS, (a) 2&7t; 
7 p p-7'7 U-^/uy- 3 4 ^Wyp-^lriAt 
5fc#><Dfimco¥ffiEk (b) EfffiEL 

im9] *&m<nm3<DmMM\z&v?>, w&*mt*h 

[0 10] *»W<Z>JR4K)*lt«^»JtS, 2*7cSfl^J 
[Wf©R«l 

l---»ii\ 2-DNA/n-7\ ^f+#» 

£Tr\ 4-7 P P-^7l/- 5' 

ft, 7-^o^7^^- 8-**«3tt, 9- 
fflS^fcWfiDNABff^, io-uyX, 11-w 



(10) 



%rffl¥-l 1 -2 4 3 9 9 7 
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18 



if— KM, 12-7^/^- 13-CCD*^7, 1 
A- ^y hn— y — , 1 — *QjSSIia, 16 — 

17-^- 1 8-«3K^iB^JfflJBB*f& 

2 0-^0^7 1/^1^*1, 2 1-atiiP 

>X) , 2 6-7^/^-, 2 7-7^Vtyf- (C 
CD^-Y ^ir^lf— ) , 2 8->7^ 2 9 — fcf— Ax 

3 0-yp-^MWS8, 3 1- 



TO > 3 2-«IMI^l«f (^yhD 
NA^L^tW) . 3 3-2*5c^n-yri/ 



[HI2] 




[83] 

S3 




»0HffMH 



[07] 
B7 ,i 
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[04] 
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(a) 



[E15] 





(b) 
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